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(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a low permittivity film 
for eliminating the wiring signal delay causing a problem in a 
circuit board having high integration fine pattern wiring, e.g. a 
super LSI, with high efficiency. 

SOLUTION: The substrate of a semiconductor integrated circuit 
is spin coated with diamond colloid solution produced by 
dispersing fine diamond particles of nanometer size into water 
or an organic solution and then dried to form an insulation layer 
of low permittivity porous structure diamond film where fine 
diamond particles are dispersed uniformly through air gaps of 
nanometer size (nano pores). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
Gl€unages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The circuit board characterized by having the diamond film with which the diamond particle is 
combined with the minute opening distributed by homogeneity. 

[Claim 2] The circuit board according to claim 1 characterized by the particle size of a diamond particle 
being 20nm or less. 

[Claim 3] Voidage is 57%. The circuit board according to claim 1 or 2 characterized by being above. 
[Claim 4] Specific inductive capacity is 3.0. The circuit board according to claim 1 or 2 characterized by 
being the following. 

[Claim 5] The manufacture approach of the circuit board characterized by having the process which 
generates the solution which made homogeneity distribute a diamond particle in a solvent, the process which 
applies this solution to a substrate, and the process which diffuses the solvent in the this applied solution at 
least, and forming the diamond film with the minute opening distributed by homogeneity. 
[Claim 6] The particle size of a diamond particle is lOOnm. The manufacture approach of the circuit board 
according to claim 5 characterized by being the following. 

[Claim 7] The manufacture approach of the circuit board according to claim 5 or 6 characterized by using 
fluorohydrocarbon system solvents, such as saturated hydrocarbon system solvents, such as alcohols 
solvents, such as pure water or ethanol, or a hexane, or a perphloro hexane, for a solvent at the process 
which generates a solution. 

[Claim 8] Claim 5 characterized by adding the viscosity controlling agent of an organic macromolecule to a 
solvent at the process which generates a solution thru/or the manufacture approach of the circuit board given 
in 7. 

[Claim 9] Claim 5 characterized by impressing a supersonic wave and distributing a diamond particle in the 
state of a simple substance or particle floe at the process which generates a solution after suspending a 
diamond particle by predetermined concentration in a solvent thru/or the manufacture approach of the circuit 
board given in 8. 

[Claim 10] The manufacture approach of the circuit board according to claim 9 characterized by adjusting 
the power and impression time amount of a supersonic wave, and controlling the size or the particle number 
of floe of a diamond particle by the process which generates a solution in case a diamond particle is 
distributed by impression of a supersonic wave. 

[Claim 11] The number of the particles which constitute diamond particle floe fi*om a process which 
generates a solution is 10000 from about ten. The manufacture approach of the circuit board according to 
claim 10 characterized by being in the range of extent. 

[Claim 12] The manufacture approach of the circuit board according to claim 5 or 6 characterized by using a 
spin coat method at the process which applies a solution to a substrate. 

[Claim 13] The manufacture approach of the circuit board according to claim 5 or 6 characterized by 
carrying out stoving at the temperature of the range of 200-500 ** at the process which diffuses the solvent 
in the applied solution. 

[Claim 14] The manufacture approach of the circuit board according to claim 5 characterized by repeating a 
spreading process and a stripping process two or more times when required in order to obtain desired 
thickness. 

[Claim 1 5] The manufacture approach of the circuit board according to claim 5 or 6 which includes a UV 
irradiation process after a stripping process. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the circuit board which attained low dielectric constant- 
ization with the film of the porous (porosity) structure which combined especially the diamond particle 
about the circuit board and its manufacture approach for the semiconductor integrated circuits which can do 
high-speed operation with the high degree of integration, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Semi-conductor VLSI In the device, the delay of a signal which passes wiring 
built in the circuit board poses a big problem with detailed-izing and high integration of wiring. In order for 
RC delay by resistance and distributed capacity of wiring to have been the biggest technical problem and to 
make distributed capacity small especially in high-speed devices, such as logic, to use the ingredient of a 
low dielectric constant is needed for the insulating material during wiring. 

[0003] Conventionally, the silica film (Si02) which added a fluorine and the organic substance is used as 
low dielectric constant film as an insulating material between the multilayer interconnections in a 
semiconductor integrated circuit. Moreover, it considers as the approach of forming an insulator layer into a 
low consistency for the fiirther reduction in a dielectric constant, and what heat-treated the organic silica 
ingredient which has fizz, the porous-like silica film which carried out the laminating of the silica particle 
and formed it, the activity of the organic system polymeric materials which do not contain a silica, etc, are 
considered. 

[0004] However, since the ingredient of a silica system consists of two or more sorts of atoms and the 
oxygen atom with high electronegativity is moreover included as a principal component, in order that the 
big orientation polarization which is one of the factors which make a dielectric constant high may remain, 
there is a limitation in low dielectric constant-ization. Moreover, since the pyrolysis temperature of an 
organic macromolecule is intrinsically low even if possible, in the case of organic system polymeric 
materials, making orientation polarization small and forming it into a low dielectric constant has the 
problem that it is difficult to raise heat-resistant temperature required for the circuit board. 
[0005] Furthermore, in the case of the porous-like silica film by the silica particle laminating, since it is 
difficult for particle shape to have versatility since the particle to be used is amorphous, and to make 
distribution of grain size small, nano pore (pore with the path which is about a nano meter) reaches far and 
wide mutually, it becomes easy to continue, pores are connected, and a problem is in the point of reducing a 
mechanical strength required for the circuit board. 

[0006] On the other hand, recently comes, and since the technique of manufacturing the diamond particle in 
which particle shape distribution has a small and almost uniform particle size by low cost was developed, 
applying the film of a diamond to the circuit board has come to be examined concretely. Since the diamond 
has the thermal conductivity (2,000 W/mK) and mechanical strength which excelled other ingredients in 
each stage, it is an ingredient effective in the circuit board with much [ a degree of integration is high and ] 
calorific value. 1 of a technique which used such diamond film for the circuit board The example is 
indicated by patent reference [a publication-number 6-No. 97671 official report (applicant: , Inc. Toshiba)]. 
They are a spatter and CVD about the diamond film with a thickness of 5 micrometers which constitutes an 
insulating layer fi-om this technique. It creates by the producing-film methods, such as law, the ion plating 
method, and the ionized cluster beam method, and the thermal conductivity for radiating the heat which a 
circuit element generates to a base material is raised. Moreover, in order to prevent the signal propagation 
delay of the wiring section, the perimeter of wiring is covered by the low dielectric constant film of 
borosilicate glass. However, CVD for the diamond film formation used with this technique Since harmfiil 
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gas and inflammable gas were used for law, the problem was in the field of safety. 
[0007] 

[Problem(s) to be Solved by the Invention] The conventional attempt in which the diamond film is used for 
the circuit board is CVD used for film production of the diamond film although made paying attention to the 
high thermal conductivity and the high mechanical strength which the diamond film has. In law, since a 
problem was in the safety at the time of manufacture, such as using harmful gas, and the distributed capacity 
of wiring became large by 5.68 and a signal propagation delay became a problem, as for the specific 
inductive capacity of a diamond, the wrap need had produced the perimeter of wiring by the film of another 
low dielectric constant ingredient. Consequently, complication of the production process of an integrated 
circuit was not able to be caused and production efficiency was not able to be made not much high. 
[0008] The technical problem of this invention is to enable film production of the low dielectric constant 
diamond film at a comparatively easy process, and realizes the circuit board in which high-speed operation 
is possible, and its manufacture approach with a high degree of integration. 
[0009] 

[Means for Solving the Problem] This invention makes the diamond film porous structure, in order to solve 
the above-mentioned technical problem. Drawing 1 explains the principle of this invention. 
[0010] (a) of drawing 1 shows the porous structure of the diamond film by this invention. Where a diamond 
particle is combined mutually, the film is formed, an opening minute between diamond particles is mostly 
distributed by homogeneity, and porous structure is made. Specific inductive capacity can be easily reduced 
by adjusting whenever [ porous / of the diamond film ], i.e., voidage. 

[001 1] (b) of drawing 1 shows the relation of the voidage p and specific inductive capacity epsilon of the 
porous structure diamond film. If the value of the specific inductive capacity epsilon of the diamond film 
changes voidage p from 0% to 100 %, it will change linearly between the specific inductive capacity 5.68 of 
a diamond simple substance (bulk), and the specific inductive capacity 1 of air. 

[0012] The diamond film of porous structure makes the solution which distributed the diamond particle in 
the solvent by suitable concentration, applies the solution to a substrate side (field of the substrate layer in a 

substrate), and can manufacture it by making it dry. 

[0013] The diamond film and its manufacture approach of the porous structure by this invention are 
constituted according to each following item. 

[1] The circuit board characterized by having the diamond film with which the diamond particle is combined 
with the minute opening distributed by homogeneity. 

[2] The circuit board given in the preceding clause 1 characterized by the particle size of a diamond particle 
being 20nm or less. 

[3] Voidage is 57%. The circuit board given in the preceding clauses 1 or 2 characterized by being above. 
[4] Specific inductive capacity The circuit board given in the preceding clauses 1 or 2 characterized by 
being 3.0 or less. 

[5] The manufacture approach of the circuit board characterized by having the process which generates the 
solution which made homogeneity distribute a diamond particle in a solvent, the process which applies this 
solution to a substrate, and the process which diffuses the solvent in the this applied solution at least, and 
forming the diamond film with the minute opening distributed by homogeneity. 

[6] The particle size of a diamond particle is lOOnm. The manufacture approach of the circuit board given in 
the preceding clause 5 characterized by being the following. 

[7] The manufacture approach of the circuit board given in the preceding clauses 5 or 6 characterized by 
using fluorohydrocarbon system solvents, such as saturated hydrocarbon system solvents, such as alcohols 
solvents, such as pure water or ethanol, or a hexane, or a perphloro hexane, for a solvent at the process 
which generates a solution. 

[8] The preceding clause 5 characterized by adding the viscosity controlling agent of an organic 
macromolecule to a solvent at the process which generates a solution thru/or the manufacture approach of 
the circuit board given in 7. 

[9] The preceding clause 5 characterized by impressing a supersonic wave and distributing a diamond 
particle in the state of a simple substance or particle floe at the process which generates a solution after 
suspending a diamond particle by predetermined concentration in a solvent thru/or the manufacture 
approach of the circuit board given in 8. 

[10] The manufacture approach of the circuit board given in the preceding clause 9 characterized by 
adjusting the power and impression time amount of a supersonic wave, and controlling the size or the 
particle number of diamond particle floe by the process which generates a solution in case a diamond 
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psirticle is distributed by impression of a supersonic wave. 

[11] The number of the particles which constitute diamond particle floe from a process which generates a 
solution is 10000 from about ten. The manufacture approach of the circuit board given in the preceding 

clause 1 0 characterized by being in the range of extent. 

[12] The manufacture approach of the circuit board given in the preceding clauses 5 or 6 characterized by 
using a spin coat method at the process which applies a solution to a substrate. 

[13] The manufacture approach of the circuit board given in the preceding clauses 5 or 6 characterized by 
carrying out stoving at the temperature of the range of 200 - 500 ** at the process which diffuses the solvent 
in the applied solution. 

[14] The manufacture approach of the circuit board given in the preceding clause 5 characterized by 
repeating a spreading process and a stripping process two or more times when required in order to obtain 
desired thickness. 

[15] The manufacture approach of the circuit board given in the preceding clauses 5 or 6 which include a 

UV irradiation process after a stripping process. 

[0014] 

[Function] As for a diamond, orientation polarization and the ionic polarization do not exist among the 
dielectric polarization which determines the dielectric constant of an ingredient, and electronic polarization 
also has the small description. Moreover, decomposition temperature is also high. However, in the simple 
substance of a diamond, since specific inductive capacity is as high as 5.68 as compared with other low 
dielectric constant ingredients, if it remains as it is, it is not suitable for the low dielectric constant ingredient 
of the circuit board. Then, the dielectric constant was reduced by forming the diamond film of porous 
structure with a minute clearance. 

[0015] When distribution of particle size produces a small diamond particle by the applying method, the 
diamond film which particles joined together and was formed can make high a mechanical strength and 
thermal conductivity required since the circuit board is constituted. It is the voidage of a diamond particle 
57% The above, then specific inductive capacity 3.0 The following is obtained and this serves as a value 
which is equal compared with the specific inductive capacity of other low dielectric materials. 
[0016] Moreover, VLSI which can set size of an opening to about 20nm or less, and has the detailed slot 
structure which is 100 nm extent by setting particle size of a diamond particle to 20nm or less It is possible 
to also set and to be precisely filled up with the inside and outside of a slot by the diamond particle. 
[0017] The layer of arbitration thickness is obtained by repeating spreading and stripping two or more times. 

[001 8] Association of a particle will become still firmer if UV irradiation is carried out after stripping. 

[0019] 

[Embodiment of the Invention] The gestalt of suitable operation of this invention is explained below. In 
addition, the semantics of the vocabulary used in this explanation is as follows. 

the isotope of carbon with the "diamond particle": diamond crystal structure — particle size ~ 1 to l,000nm it 
is — a particle is said. Moreover, the "diamond-like carbon" described in the above mentioned patent 
reference is not contained. In addition, 1 ,000nm In the case of the particle size which exceeds, the bond 
strength between particles required for the configuration of the circuit board is not obtained by film 
production by the applying method, either, and it is Inm. Since manufacture is difficult about the following 
particles, it is excepted. The crystalline good thing is compounded by the high pressure process or the 
gaseous-phase method, and a commercial item can obtain a diamond particle easily. 
"The opening distributed to homogeneity": Openings are space other than a diamond particle, and say the 
space section after a solvent evaporates. Also when some solutions remain, it includes in the space section. 
Moreover, it says that distribution is not the thing which has an intentional opening and which was and 
carried out and was locally generated by dispersion on a production process to homogeneity. The condition 
that pore is distributed over the fixed range by the same consistency is said. 

"Layer": Say the part constituted with fixed thickness by the whole substrate top or the part. By processing 
after film production, also when divided by metal wiring, it contains. It contains, what [ not only ] is not 
necessarily in a base material and parallel but when the layer is being made in the direction of other. 
[Example 1] One example of the production process which forms the porous structure diamond film by this 
invention on a substrate at drawing 2 is shown, it is shown in drawing — as — this production process — 4 of 
generation of** colloidal solution, ** spin coat, ** desiccation, and ** membrane structure consolidation It 
consists of processes. 

** At the generation process of the generation process colloidal solution of the colloidal solution, suspend a 
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diamond particle in solvents, such as fluorohydrocarbon solvents, such as saturated hydrocarbon solvents, 
such as alcohols solvents, such as pure water or ethanol, or a hexane, or a perphloro hexane, carry out 
ultrasonic distribution and distribute a diamond particle in a solution. It is a polyethylene glycol (PEG) in 
order to adjust the viscosity of the colloidal solution. It adds, viscosity control — PEG others — oxygen is 
contained in a molecule and the organic macromolecule of 300 ** extent which can comparatively be 
disassembled at low temperature is usable. Viscosity of the colloidal solution can be made high by PEG 
addition, and formation of the thicker film is attained in the following spin coat process. 
[0020] Moreover, in case ultrasonic distribution is performed, by changing the power and time amount of a 
supersonic wave to impress, the floe size of a diamond particle can be controlled and it is possible to control 
whenever [ porous / of the diamond film ] (voidage) as the result. Although a diamond particle is roughly 
[ the power of a supersonic wave ] separately separated thoroughly when time amount is long enough, it 
becomes close to close packed structure in that case, and whenever [ porous / of the diamond film ] becomes 
50 or less %. In order to make whenever [ porous ] into 50% or more and to make a dielectric constant 
sufficiently low, it is desirable to form floe in the magnitude which consists of ten or more diamond 
particles, to make those floes connect by network and to form the film. Moreover, the particle number of 
floe is 10000. If it exceeds, since the floe to which floe size exceeds 200 nm will increase, it is a VLSI. 
Insulator layer formation to a detailed pattern becomes difficult. 

** Apply the spin coat process colloidal solution to a substrate side with a spin coat method. Therefore, a 
substrate is rotated, and the solution which trickled and trickled the solution into the substrate side diffuses 
according to a centrifugal force, and is thinly applied to a substrate side uniformly. Although there is the 
curtain coat method besides a spin coat method etc. among the applying methods, it is the point which 
adjustment of thickness tends to carry out, and a spin coat method is advantageous. 

** Carry out stoving of the colloidal-solution film thinly applied to the desiccation process substrate side, 
carry out stripping clearance of a solvent and the additive, and form the diamond film of porous structure. 
Whenever [ stoving temperature ] is performed in the range of 200 - 500 ** which an organic 
macromolecule decomposes. In the case of this stoving, some diamond particles which touch in the film 
carry out dehydration condensation of the surface hydroxyl groups, and they form the structure of cross 
linkage. 

** By irradiating an ultraviolet (UV) line fiirther at the diamond film of the porous structure by which 
membrane structure consolidation process formation was carried out, and promoting the dehydration of the 
hydroxyl groups of a diamond particle fi"ont face, make the structure of cross linkage between diamond 
particles increase, and raise the reinforcement of the porous structure diamond film. 
[0021] Moreover, it is possible by repeating the process of ** and **, or the process fi-om ** to **, and 
carrying out the laminating of the film to form the film of the thickness of arbitration. Furthermore, it is also 
possible to change membraneous qualities, such as a membranous degree of cross linking, in the direction of 
thickness. 

[Example 2] One example which applied the diamond film of the porous structure of this invention to the 
bilayer circuit board for integrated circuits at drawing 3 is shown. Drawing shows the partial cross section of 
the bilayer circuit board, and, for a base material and 2, as for the diamond layer of porous structure, and 4, a 
barrier layer and 3 are [ one in drawing / metal wiring and 5 ] the diamond enveloping layers of porous 
structure. 

[0022] The diamond layer 3 is an interlayer insulation film in a semiconductor integrated circuit, and low 
dielectric constant-ization is attained by having porous structure. The mono dispersion thing 20nm or less of 
the size of the diamond particle used for this layer is desirable. It is the specific inductive capacity of the 
diamond layer 3 by porous structure 3.0 In order to lower to below, it is 57% of voidage. The above is 
required. Moreover, in order to prevent that moisture absorption of the diamond layer 3 with porous 
structure and diffusion of the metal of the metal wiring 4 arise, the barrier layer 2 is formed in the interface 
with the diamond layer 3, a base material 1, and the metal wiring 4. Precise film, such as an oxidation 
silicone film, a silicon nitride film, a carbonization silicone film, and an organic system poly membrane, is 
used for the barrier layer 2. 

[0023] The diamond enveloping layer 5 is the last protective coat in the semiconductor integrated circuit 
which used the porous structure diamond film. In the case of this enveloping layer 5, it is lOOnm as size of a 
diamond particle. It makes it possible to use the following, to raise the heat-conduction property by the 
diamond, and to draw generation of heat of an integrated circuit outside efficiently. 

[Example 3] One example of the production process of the porous structure diamond film by this invention 
is shown below. 
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(1) Mean particle diameter of 4.4nm It is a diamond particle in pure water 5% It was made to distribute by 
concentration. Furthermore, it is molecular weight 600. The polyethylene glycol was added 1% and the 
equalized solution was prepared. 

(2) The solution was dropped and applied on the base material which is rotating by l,000rpm with the spin 
coat method. 

(3) In atmospheric air, it heats to 300 ** for 1 hour, it was dried, and the film was produced. 
[0024] Drawing 4 shows the scanning electron microscope photograph of the cross section of the 
manufactured porous structure diamond film. Signs that nano pore with a diameter of about lOnm is 
distributing to homogeneity are known, the specific inductive capacity for which measured the refi*active 
index and it asked by square [ the ] ~ 2.72 — it is — voidage — 63% it was . 

[Example 4] Drawing 5 shows one example of the process at the time of applying the porous structure 
diamond film of this invention to the stopper of a metal wiring CMP (chemical polishing) process. Drawing 
shows details process [ of metal wiring formation ] and ** by the partial cross section of the circuit 

board, and, for a base material and 6, as for the diamond layer of porous structure, and 8, a layer insulation 
layer and 7 are [ 1 / a metal layer and 9 ] metal wiring. 

** Form the diamond layer 7 of porous structure in the upper part of the slot pattem formation process layer 
insulation layer 6, and form the hole and slot pattem for metal wiring pads by lithography and dry etching 
processing. The layer insulation layers 6 are low dielectric constant ingredients, such as silicon oxide, 
fluorine content silicon oxide, and an organic system insulator layer. 

** Deposit the metal layer 8 on the substrate with a pattem formed by wiring process process **. 
Ingredients, such as the copper and the copper alloy ingredient which were formed with a spatter, a CVD 
method, and plating, aluminum and an aluminum alloy, or a tungsten, were used for the metal layer 8. 
** In order to remove the metal layer of a polish process hole and the slot pattem upper part, carry out 
polish processing. Since the diamond layer 7 of porous structure was a stable ingredient also mechanically 
and chemically, when polish progressed to the diamond layer 7, polish stopped, and it has formed the metal 
wiring 9 embedded in the layer insulation layer 6. 

[0025] As a stopper layer of CMP, although current, silicon nitride, and carbonization silicon are used, the 
thing with such as high specific inductive capacity as [ about ] seven to ten poses a problem. 
[0026] Since the low dielectric constant is formed by a mechanical strength being high, and it being 
chemically stable, and moreover making it porous, since the diamond film of the porous structure by this 
invention consists of diamonds, reduction of the capacity in a multilayer interconnection is realizable by 
applying this invention to a stopper layer. 
[0027] 

[Effect of the Invention] this invention — VLSI In the circuit board with high integration and detailed-ized 
wiring etc. — While making it possible to form the perimeter of wiring into a low dielectric constant, and to 
reduce substantially the signal delay by wiring which had become a problem conventionally by using the 
diamond film of porous structure for the interlayer insulation film of the circuit board etc. Raise in the 
thermal resistance of the circuit board and high intensity-ization can be attained, and the diamond film of 
still such a low dielectric constant can be easily manufactured in high efficiency. 

[Translation done.] 
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